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introduction
Inflammatory breast cancer (IBC), with its clinical and biological characteristics of rapid proliferation, is the most aggressive form of breast cancer [1] . The incidence of IBC in the USA has been reported to range from 1% to 5% of breast cancer [2] . However, the recurrence and mortality rates for IBC are quite high compared with those of noninflammatory locally advanced breast cancer; IBC causes 8%-10% of all breast cancer-related deaths [2] .
Hormonal receptor (HR) and HER2 status are the most important prognostic factors for breast cancer, as well as the strongest predictors of treatment response. These markers predict biological behaviors of the tumor and allow classification of breast cancer into clinically relevant subtypes. HER2 is the bestestablished target in breast cancer, and HER2-targeted therapies have been indispensable for breast cancer treatment and improving clinical outcomes. However, these markers have only been studied in small populations of IBC patients. Although several studies have addressed the natural history and outcomes of IBC [2] [3] [4] , all of the studies lack information about HER2 status or tumor subtypes based on both HR status and HER2 status. The largest population-based studies to date used multiinstitutional databases or SEER data, which may explain why it was difficult to collect information such as HER2 status in a consistent manner. Only two studies [5, 6] , carried out at our institution, have examined both HR and HER2 status in patients with IBC. However, an analysis by subtype could not be carried out in one study because of its small sample size (n = 398), and the other study focused specifically on triple-negative breast cancer (TNBC) and locoregional relapse in stage III IBC (n = 316). We, therefore, decided to conduct a wider investigation of both HR and HER2 status, using the world's largest clinical dataset of IBC patients, to determine the impact of HR/HER2 subtypes on the clinical course of disease.
In this study, we specifically focused on patients for whom information on estrogen receptor (ER), progesterone receptor (PR), and HER2 status was available and who received multidisciplinary treatment at MD Anderson Cancer Center (MDA).
The objectives of this study were to determine the long-term outcome of IBC by HR/HER2 subtype; to determine whether sensitivity to neoadjuvant systemic therapy differed among patients by subtype; to determine the correlation between clinical parameters and clinical outcomes, such as disease-free survival (DFS) and overall survival (OS), in IBC; and to compare DFS and OS between IBC patients who received targeted therapies (anti-hormonal, anti-HER2) and those who did not.
patients and methods
patients Figure 1 shows the patient population analyzed in this study. We reviewed the institutional tumor registry, the breast cancer electronic medical record management system, and nonelectronic clinical trial records at MDA for patients diagnosed with IBC between 24 February 1970, and 27 January 2011 (n = 1268). A clinical diagnosis of IBC required the presence of diffuse erythema, heat ridging, or peau d'orange [corresponding to classification T4d in the American Joint Committee on Cancer (AJCC) system]. All the cases were evaluated at the time of diagnosis and confirmed as IBC by a multidisciplinary team. We excluded from the current analysis male patients (n = 1) and patients with secondary IBC and/or suspected non-IBC (n = 56); we defined secondary IBC as any IBC that occurred after non-IBC presentation or IBC noted as 'secondary IBC' in the medical record. We also excluded patients with incomplete records on clinical characteristics and treatment (n = 136). For the remaining 1075 patients, we analyzed the IBC clinical course, prognostic factors, and overall survival by clinical stage; these data are presented as supplementary information, available at Annals of Oncology online.
For the HR/HER2 subtype analysis, we excluded patients who did not have ER, PR, and HER2 status available. Therefore, the final analytic cohort consisted of 527 women diagnosed with primary stage III IBC after 1 January 1989, who had received neoadjuvant chemotherapy and underwent definitive surgery and who had sufficient data for analysis of HR/HER2 subtype.
Age, menopausal status, body mass index (BMI), ethnicity, clinical stage, nuclear grade, and estrogen receptor (ER) and progesterone receptor (PR) status were extracted from the medical records. ER and PR status had been determined with immunohistochemistry with a cutoff of 10% of cells staining positively considered a positive result. We identified the HR status as positive (HR+) if ER, PR, or both ER and PR were positive and as negative (ii) the FISH result was positive (amplification ratio ≥2.0) regardless of the IHC result. We defined definitive surgery as surgery carried out within 1 year of diagnosis. Lymphatic invasion and vascular invasion were determined to be present if documented in the pathology report after surgery. Pathological complete response ( pCR) was defined as no evidence of invasive carcinoma in the breast and the axillary lymph nodes at the time of surgery [7] . The MDA Institutional Review Board approved the protocol for this study (PA11-1129) and granted a waiver of informed consent based on the study's retrospective nature.
statistical analysis survival analysis. The primary end points of this study were OS time from two different time intervals, the intervals from the date of diagnosis and from the date of definitive surgery to the date of death due to any cause or the last follow-up date, and DFS time from the date of definitive surgery to the date of recurrence from the original cancer. Patients who died before disease recurrence were censored at the time of death. Stages III and IV were analyzed separately for OS. (supplementary Figure S3 , available at Annals of Oncology online.) Data were first summarized using standard and descriptive statistics and frequency tabulation. OS was estimated using the KaplanMeier method, and the comparisons between or among patient characteristic groups were assessed using the log-rank test. Both univariate and multicovariate Cox proportional hazard models were applied to assess the effect of covariates of interest on OS and DFS. We estimated the hazard ratio for each potential prognostic factor with a 95% confidence interval (CI). All computations were carried out in SAS However, increased vascular invasion was evident in both the HR-positive/HER2-negative (38.9%) and TNBC subtypes (28%). Further, among patients with nuclear grade I/II disease, 60.6% were in the HR-positive/HER2-negative subtype, and among those with nuclear grade III disease, 31.6% were in the TNBC subtype. For chemotherapy, 17% of patients received an anthracycline regimen; 72% an anthracycline + taxane regimen, 3% a taxane regimen, and 9% a taxane + trastuzumab regimen. Statistically, we found no differences in distribution of the anthracycline and anthracycline + taxane regimens among the four groups. Among patients with HR-positive disease, 72% received adjuvant hormonal therapy, and those who did not had pCR rate among different IBC subgroups. The pCR rate was 15.2% for all 527 patients combined. The rates significantly differed by subtype. The HR-negative/HER2-positive subtype had the highest pCR rate of 30.5% (33.0% for patients who had trastuzumab-based therapy and 14.6% for patients who had non-trastuzumab therapy). The pCR rates were 15.0%, 7.4%, and 12.4% for the HR-positive/HER2-positive, HR-positive/ HER2-negative, and TNBC subtypes, respectively. Achieving pCR was a highly favorable prognostic factor in our cohort ( Figure 2) ; we also determined the relationship between pCR and clinical outcome by subtype ( Figure 3) ; except the HRpositive/HER2-positive subtype, achieving pCR was a favorable prognostic factor. It also suggested that the value of pCR might be different in each subtype.
survival analysis by subtype. Figure 4 shows Kaplan-Meier curves for DFS and OS for each subtype. Among the 527 patients, the median follow-up was 38.4 months. The median time to death from diagnosis was 61.2 months (95% CI, 54-69.6 months). The TNBC subtype showed significantly worse prognosis compared with the other subtypes (P < 0.0001). Interestingly, the four subtypes could be separated into two groups with regard to outcome: TNBC and the other three subtypes. In IBC, there was no significant difference in clinical outcomes between HR-positive/HER2-positive, HR-positive/ HER2-negative, and HR-negative/HER2-positive subtypes. In other words, unlike in non-IBCs, in IBC HR-positive status was not associated with favorable prognosis. We applied both univariate and multicovariate (supplementary Table S1A , available at Annals of Oncology online) Cox proportional hazard models to assess the effect of covariates of interest on OS and DFS; the results showed that pCR, adjuvant hormonal therapy, adjuvant radiotherapy, a lack of vascular invasion, and non-TNBC were associated with longer OS and DFS.
effect of anti-hormonal and anti-HER2-targeted therapy. We analyzed the effect of hormonal therapy in HR-positive disease and of HER2-targeting therapy in HER2-positive disease. For HR-positive disease, 72% of patients received adjuvant hormonal therapy, and having received hormonal therapy was associated with longer DFS and OS (supplementary Figure S1A , available at Annals of Oncology online). In the HR-positive/HER2-positive subtype, however, having had hormonal therapy was not associated with longer OS (supplementary Figure S1B , available at Annals of Oncology online). For HER2-positive disease, 55% of the 200 patients received trastuzumab in clinical trials as part of their neoadjuvant chemotherapy, and 64.5% received trastuzumab in the neoadjuvant and/or adjuvant settings. Having had trastuzumab was not associated with longer OS or DFS in HER2-positive disease overall (supplementary Figure S2A , available at Annals of Oncology online) or when patients with HER2-positive disease were divided by HR status (supplementary Figure S2B , available at Annals of Oncology online).
discussion
Our dataset, the largest to date from a single institution, revealed that primary IBC has a poor prognosis regardless of the HR/HER2 subtype, with the worst outcome in patients with triple-negative IBC. Interestingly, we found that HR-positive disease, irrespective of HER2 status, had poor prognosis that did not differ in terms of OS and DFS from that of the HR-negative/HER2-positive subtype. The overall pCR rate for the 527-patient population was 15.2%. Hormonal therapy was associated with longer DFS for patients with HR-positive disease, regardless of HER2 status; however, OS was improved by hormonal therapy only if HER2 was negative. Thus, we can argue that hormonal therapy alone may not be a sufficient treatment in the HR-positive/HER2-positive subtype. The HER2-targeting agent trastuzumab improved the pCR rate; however, in our study, the efficacy of anti-HER2 therapy in terms of prolonging OS and DFS did not reach statistical significance. Panades et al. [8] and GonzalezAngulo et al. [6] have studied the outcome of IBC management over a period of 40 years; however, so far, the results have failed to show any improvement in survival. In one prospective study, a secondary analysis of the GeparTrio trial, which focused on locally advanced breast cancer and IBC, Costa et al. [9] reported that the pCR rate in IBC was 8. ). These results suggest that advances in chemotherapy and multidisciplinary treatments are still lacking for IBC patients. We must improve preoperative chemotherapy to achieve pCR and thereby enable surgery for IBC patients.
Triple-negative IBC was strongly associated with poor prognosis, which is consistent with other reports from both IBC and non-IBC populations [6, 10, 11] . In triple-negative IBC, most recurrences occurred within the first 2 years, and 5-and 10-year DFS rates were the same, suggesting that delayed recurrences are rare in triple-negative IBC. This finding highlights the need for more effective neoadjuvant and adjuvant treatment of this group of patients.
In early breast cancer, ER positivity is clearly an independent prognostic factor for good clinical outcome [12] . A few studies have determined a survival difference among molecular subtypes in locally advanced breast cancer [13, 14] . Sorlie et al. [14] reported on prognosis by intrinsic subtype. The basal-like and HER2-enriched subtypes showed the poorest prognosis, with both shorter time to progression and shorter OS. Patients with the luminal A subtype had a considerably better prognosis compared with those of all other groups. Patients with the luminal B subtype had an intermediate outcome. Thus, results in locally advanced breast cancer are so far similar to those of early breast cancer. Many parameters have been explored in relation to breast cancer biology and outcome, with the general consensus that patients with tumors expressing ER have a relatively favorable prognosis. Interestingly, however, our study showed that HR-positive groups, irrespective of HER2 status, had poor prognosis that did not differ from that of the HR-negative/HER2-positive subgroup.
Locally advanced breast cancer is a heterogeneous category composed of patients with diverse biological processes as well as prognoses. Slowly progressing disease in an elderly woman whose cancer has become inoperable after years without detection is usually more biologically responsive than a rapidly growing, aggressive tumor in a younger woman. Biologically indolent tumors are usually characterized by high ER and PR expression levels, low tumor grade, and a low proliferative index and would more likely show favorable response to hormonal treatment. Unfortunately, in IBC, biologically indolent tumors are not common even among the HR-positive group. In fact, the luminal subtypes are the most heterogeneous with regard to biology and outcome [13, 14] . We believe that this heterogeneity could also be related to the unfavorable prognosis we observed in IBC patients with HR-positive tumors.
The pCR rate also differed for each subtype in our study. Although the sample size was small, results showed that pCR was associated with longer OS in the HR-positive/HER2-negative, HR-negative/HER2-positive, and TNBC subgroups, but not the HR-positive/HER2-positive subtype. When we analyzed ER and HER2 status, pCR was associated with longer OS only in the ER-negative/HER2-positive and TNBC subtypes (data not shown). This was consistent with the report by von Minckwitz et al. [15] that suggested that pCR can be a suitable surrogate end point for patients with luminal B/HER2-negative, HER2-positive, and TNBC disease, but not for those with luminal A and luminal B/HER2-positive tumors. However, a recent metaanalysis of neoadjuvant trials conducted by the FDA was unable to confirm this.
Our study is the first to investigate IBC by subtypes based on not only hormonal status but also HER2 status in a large number of patients from one institution. However, several limitations should be noted. Although the overall sample size was large, the number of patients per subtype was not sufficient for analysis, resulting in limited statistical power. Furthermore, this study has inherent limitations due to its retrospective nature; the treatment histories were varied, and the collected information was not complete. Last, the data originated from a single institution, one that specializes in IBC; therefore, one cannot exclude the possibility of introduction of bias. Finally, interpreting trends over time is problematic, especially with the advent of targeted therapy available to the most recent generation.
In summary, our retrospective study showed that previously known breast cancer subtypes have limited predictive and prognostic power in IBC. After closely examining HR and HER2 status as well as treatment information for our IBC population, we concluded that the TNBC subtype has the worst clinical outcome compared with other subtypes, and currently available treatments are unlikely to improve clinical outcomes of IBC patients. Although the non-TNBC group had better outcomes than did triple-negative IBC, the fact remains that for IBC, targeted therapies such as hormonal therapies and anti-HER2 therapy do not appear as effective as expected in terms of improving clinical outcomes of their targeted populations. The results confirmed that we need novel IBC-specific treatment strategies for all molecular subtypes. A multicenter prospective study is warranted for each subtype of IBC with novel targeted therapies to improve these very poor outcomes. 
